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Abstract 
Excessive use of poultry manure on croplands is likely to impact the quality of groundwater resources. A 
three year study was conducted on eight, 0.4 ha plots, and six, 2.1 m2 lysimeters, to determine the effect 
of poultry manure and nitrogen fertilizer applications on NO3-N leaching to shallow groundwater. Three 
application rates of N (168 kg-N/ha from urea ammonium nitrate fertilizer, 168 kg-N/ha and 336 kg-N/ha 
from poultry manure) were applied to field lysimeters and plots before planting corn (Zea mays L). Corn-
soybean rotation was practiced in field plots while only corn was grown in lysimeters. No fertilizer or 
manure was applied to subplots where soybeans were grown. Subsurface drainage water samples were 
collected weekly and analyzed for nitrate-nitrogen (NO3-N) during the study period (1998 – 2000). The 
results of the study indicate that poultry manure application rate of 168 kg-N/ha resulted in the lowest 
NO3-N concentration and loss with subsurface drainage water in comparison with similar application of 
commercial N fertilizer. Higher NO3-N concentrations and losses with drainage water were observed from 
lysimeters in comparison with field plots. Data on NO3-N concentrations in subsurface drain water clearly 
shows the effects of preferential flow immediately following heavy rainfall events. 
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Excessive use of poultry manure on croplands is likely to impact the quality of groundwater resources.  A 
three year study was conducted on eight, 0.4 ha plots, and six, 2.1 m2 lysimeters, to determine the effect of 
poultry manure and nitrogen fertilizer applications on NO3-N leaching to shallow groundwater.  Three 
application rates of N (168 kg-N/ha from urea ammonium nitrate fertilizer, 168 kg-N/ha and 336 kg-N/ha from 
poultry manure) were applied to field lysimeters and plots before planting corn (Zea mays L).  Corn-soybean 
rotation was practiced in field plots while only corn was grown in lysimeters.  No fertilizer or manure was 
applied to subplots where soybeans were grown.  Subsurface drainage water samples were collected weekly 
and analyzed for nitrate-nitrogen (NO3-N) during the study period (1998 – 2000).  The results of the study 
indicate that poultry manure application rate of 168 kg-N/ha resulted in the lowest NO3-N concentration and 
loss with subsurface drainage water in comparison with similar application of commercial N fertilizer.  Higher 
NO3-N concentrations and losses with drainage water were observed from lysimeters in comparison with field 
plots.  Data on NO3-N concentrations in subsurface drain water clearly shows the effects of preferential flow 
immediately following heavy rainfall events. 




Preferential flow paths, known as macropores, are generally referred to as non-capillary channels formed in 
the soil as a result of physical, chemical, and biological processes in the soil-air-water environment.  
Macropores have been defined as those pores which empty by free drainage in 24 hours (Thomas and Philips, 
1979; Germann and Beven, 1981; White, 1985). The effect of macropores on infiltration of rainfall and solutes 
into the soil is of great importance and in need of experimental investigation.  The formation and presence of 
macropores may depend on soil, climate, and management practices. 
Management practices, such as tillage and manure application, influence the distribution of surface-vented 
macropores and thus the nutrient fluxes in the soil.  Tillage/cultivation practices directly affect the soil water 
properties of surface soil and therefore the leaching characteristics of the soil (Brown et al., 1999; Kanwar, 
1988).  A combination of heavy rainfall and tillage practices also influence the distribution of and continuity of 
soil macropores that act as preferential flow paths for rapid movement of water and chemicals to groundwater.  
Water flow and nutrient transport in the macropore domain can therefore greatly impact drainage and the 
transport of contaminants through the soil profile.   Because of these concerns, a study was initiated to 
investigate the effects of two N application rates from manure from high-rise laying hen (chicken) houses and 
one recommended N application rate of commercial N fertilizer on the leaching potential of NO3-N with 
subsurface drain water.  The purpose of this paper is to investigate the role of preferential flow on the transport 
of NO3-N to shallow groundwater. 
 
Methods and Materials 
 
The study was conducted at the Iowa State University’s Agronomy and Agricultural Engineering Research 
Center (AAERC) near Ames, Iowa.  The site is located on Nicollet loam soil formed in glacial till under the 
prairie vegetation with an organic matter content of about 4% and a maximum slope of 1% (Kanwar et al., 
1988).  Nicollet soils are characterized as moderately permeable, somewhat poorly drained, produce surface 
runoff, have high available water capacity, and seasonal high water table.  Nine, 0.4 ha field plots, and six, 2.1 
m2 field lysimeters, each with a single subsurface drain were established in 1984 and 1992, respectively.  All 
field plots and lysimeters were instrumented with individual sumps and subsurface drainage metering and 
monitoring devices for collecting water samples for water quality analysis. 
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Beginning 1998, corn (variety Dekalb 580) was grown on one-half of the plot and soybeans (variety 
Kruger2426) on the other one-half of the plot so that corn-soybean rotation could be practiced in the same plot 
in the same year.  Corn has been grown in all lysimeters since 1993.  One-half of each field plot (where corn 
was grown in previous year) was tilled every fall using a chisel plow, which ensured that about 30% of the crop 
residue was left on the surface.  There was no tillage on the other one-half of the plots where soybeans were 
previously grown.  The top 10-12 cm of the lysimeter soil was also tilled using a hand shovel and a rake.  
Tillage was done in such a way that about 30% of the crop residue remained on the lysimeter surface as well. 
During the three growing seasons (1998 – 2000), N applications to plots and lysimeters included 168 kg-
N/ha from liquid urea ammonium nitrate (UAN) fertilizer, 168 kg-N/ha and 336 kg-N/ha from solid poultry 
manure (PM) obtained from an egg layer facility.  The PM and UAN fertilizer were applied onto subplots where 
corn was to be grown.  Immediately after the application of the manure and UAN fertilizer, the soil was 
tilled/disked to incorporate the manure and UAN fertilizer in the top 10 - 15 cm of the surface soil in order to 
minimize N loss through volatilization.  PM and UAN fertilizer were applied before planting corn. 
Water samples were taken from subsurface drains and lysimeter sumps once a week or immediately after 
rainfall.  Lysimeter sumps had to be pumped empty and drain samples were collected near the end of a pumping 
cycle to avoid contamination across samples.  The water samples were stored at a temperature of 4oC in coolers 
immediately after collection.  Water samples were later analyzed for NO3-N at the National Soil Tilth 
Laboratory in Ames, Iowa. 
 
Results and Discussion 
 
Table 1 shows that plots and lysimeters treated with UAN fertilizer and 336 kg-N/ha of poultry manure gave 
higher three-year average NO3-N concentrations in subsurface drain water when compared with those treated with 
168 kg-N/ha poultry manure.  Weekly tile flows and NO3-N concentrations data were also plotted in Figure 1.  
Rapid increase in tile flow was observed from plots and lysimeters immediately after heavy rains.  The high and 
rapid increase in tile flows could be due to the presence of favorable environment for the formation of macropores 
by worms, microorganisms and plant roots in manure applied plots.  The results show that an increase in 
application rate of poultry manure had a significant effect on the concentration of NO3-N in tile water as shown in 
Table 1 and Figure 1.  Table 1 shows that during the study period, plots receiving 168 kg-N/ha of poultry manure 
or 168 kg-N/ha of UAN  
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manure 



































Plots        
1998 - 23.3 17.1 39.9 17.2 15.8 27.1 16.8 22.5 37.8 
1999 - 18.9 21.3 40.2 12.4 20.7 25.7 15.2 24.3 36.9 
2000 9.0 1.9 20.9 4.1 0.7 13.8 1.0 0.9 44.3 4.2 
3-year avg. 9.0 14.7 19.7 28.1 10.1 16.8 17.9 11.0 30.4 26.3 
Lysimeters          
1998 - 28.0 15.1 42.3 20.6 11.6 23.7 23.5 13.7 32.3 
1999 - 34.2 8.0 27.4 28.6 9.4 26.7 34.3 15.0 51.5 
2000 - 9.0 6.9 5.1 9.6 4.2 3.8 11.1 8.1 8.8 
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Figure 1.  Effects of poultry manure on water quality during the study period. 
 
 
fertilizer had significantly lower NO3-N concentrations in subsurface drain water in comparison with plots treated 
with 336 kg-N/ha of poultry manure. The check plot (which had no N applied) had the lowest NO3-N 
concentration (less than 10 mg/L).  Figure 1 also shows that the concentration of NO3-N started increasing 
immediately after heavy rainfall.  Incidentally, the rapid increase in N concentrations, coincided with second 
cultivation of the plots.  The increase could be due to the fact that under conventional tillage system, the soil is 
less structured and holds less gravitational water than under no-till system (Diiwu et al., 2000).   
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These results show that excessive application of poultry manure can greatly affect water quality if cultivation 




A study was conducted to determine the impacts of poultry manure on the transport of NO3-N with 
subsurface drain water from field plots and lysimeters.  Comparisons were made between the N application 
rates of 168 and 336 kg-N/ha from poultry manure and N application rate of 168 kg-N/ha from urea ammonium 
nitrate (UAN) fertilizer.  The following conclusions were drawn from this study: 
1.  Poultry manure application rate of 168 kg-N/ha resulted in the lowest NO3-N concentration and losses with 
subsurface drainage water in comparison with the application of commercial N fertilizer at the same rate or 
higher application rate of poultry manure. 
2.  Higher NO3-N concentrations and losses with drainage water were observed from lysimeters in comparison 
with field plots. 
3.  Higher NO3-N concentrations were observed when cultivation was immediately followed by a heavy rainfall 
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